 547.495. (: 543.422.4:543.422.25 
IR AND NMR STUDIES OF SYMMETRICALLY AND
In order to find characteristic differences between symmetrically and unsym metrically bonded A/,/V-dialkyldithiocarbamates, their IR and 'H N M R spectra have been examined^The IR data firmly underline a previously reported infrared criterion which makes it possible to distinguish the two types of bonding. In the spectra of the unsymmetrical /V,/V-diethyldithiocarbamates a band at 1000 cm-1 is assigned to the C = S stretching mode.
Although the rotation around the S2C-N R2 bond in several dithiocarbamato com'plexfs will be strongly hindered at low tem peratures, no splitting of the NM R signals o f the N-alkyl groups could be observed. This may be attributed to an extremely small difference in magnetic environment of the N-alkyl moieties in the rotamers.
IR-spectra
On the basis of limited data Bonati and Ugo1 reported an infrared criterion by which unsymmetrically coordinated 7V,N-diethyldithiocarbamates (Et2DTC) could be distinguishéd from the symmetrical ones( Fig. 1 It appeared that the spectra of the compounds, the Et2DTC groups of which are known to be unsymmetrically coordinated, contain the two bands without exception, whereas in the spectra of the bidentate (symmetrical) Et2DTC complexes only one band is observed (Table I ). In Fig. 2 this is illustrated for N,yV,N\AT-tetraethylthiuram disulfide [(Et2NCSS)2 = Et,TD S] and the bisdiethyldithiocarbamato complex ofZ n(II). These results give a broader basis for the criterion of Bonati and Ugo\ it is probably of general applicability for DTC complexes. It should be noted that we have considered the data measured in solution rather than those in the solid state. The presence of two bands in the spectra of unsymmetrical Et2DTC derivatives might be due to splitting of degenerate vibrational states. However, the spectra of symmetrical dithiocarbamates as e.g., N i(Et,D TC )2 (D2h) and Cu(Et2DTC)2 (in the solid state the symmetry is lower than D2h2), the symmetries of which do not allow degenerate states for the ligand vibrations, show notwithstandingly only one band. So no theoretical foundation for this criterion has been found. Upon complexation of Et4TD S to Zn, Gd and Hg3 band I shifts to a lower frequency just like the band at 918 cm-1 (band III) which is pre sent in the spectra of all Et2DTC derivatives investigated. Band III was recently assigned to a CSS vibration on the basis of a comparative IR study of Et2DTC and A/,N-diethyldiseienocarbamato (Et2DSC) that the C = S [C = S (1 )] bond lengths become longer upon complex formation. This weakening of the C = S bond correlated with the shift of band I to lower frequency leads to the assignment of this band to a vibrational mode wherein the contribution of the C = S stretching vibration is impo,rtant. To verify this assignment a new complex HgI2Me(Et2-DTC) was prepared simply by adding equimolar amounts of Hgl2 and M eS(S)CNEt2 in acetone solution.
The Et2DTC ester will complex mainly by means of the terminal sulfur atom [S(I)] like the R4TD S ligands. The shift of the bands I and III to lower frequencies upon complexation gives support to our assignment of band I. 'H NM R-spectra It was reported that hindered rotation around the C-N bond can be observed by 'H N M R for unsymmetrical R2DTC derivatives like R2DTC esters8,9, R4TD S and its complexes5. Hindered rotation for symmetrical R2DTC derivatives in general cannot be observed by NM R. The compounds Mo(NO)(R2DTC)3 and Ru(NO)(R2DTC)3, which were studied by Johnson, Al-Obaidi and M cCleverty10-11, form an exception. This is caused by the non-equivalence of the N-alkyl groups with respect to the other ligands coordinated to the central atom. We have studied some unsymmetrical R2DTC compounds in order to check if they could be distinguished from the symmetrical ones by NM R. For the compounds investig&ted only hindered rotation around the O^N bond is observed in Af,N,/V\/V'-tetramethylthiuram monosulfide (Me4-TM S) which shows two singlets of equal intensity in its NM R-spectrum recorded at 30° in CDCI3 solution with a spectrometer operating at 100 MHz. The splitting between the signals is 7 Hz. For As(Et2DTC)3, its Sb and Bi analogues, As(Me2DTC)3, Se(Et2DTC)2 and Te(Et2DTC)2, however, no splitting of the Af-alkyl proton resonances in CDC13 and CS8 solutions could be observed at tem peratures as low as -60°. Even a spectrum of As(Et2DTC)3, recorded with a 220 M Hz NM R spectro meter at -50° in a CS2-toluene solution, shows no line broadening of the ethyl proton resonance peaks with respect to the C H 3-signal of toluene. This might be due either to a small, undetectable difference in the magrietic environments of the N-alkyl groups in the rotamers or to*i small barrier to internal rotation. The former is sometimes found, de-pending upon solvent, for the N -CH 3 protons of some alk-yl-AMarenesul-fonyImethyl)-Af-methylcarbamates (XC6H4S 0 2C H 2N (CH 3)C 0 2R)1:!1:!.
From thé small differences in the C-^-N bond length found for Et4-T D S 14 and As(Et2DTC)315 and the slight variations in the C-N stretching frequencies of the complexes investigated, R4TD S and R'(R2DTC) (Table II) , it is conclüded that the first explanation (valid at the temperatures mentioned) is most probably correct. The spectra were recorded in CHC13 solution. using a Beckmann IR 4 spectrophotometer. * T h e spectra were recorded in C H 2CI2 solution.
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